Introduction
============

Obstruction of the airway and other disorders of the respiratory system have a leading position in the mobility and mortality of newborns, especially in the group of preterm babies. Increased care of fetal and neonatal airways has led to advances in neonatal medicine \[[@B1]\]. The early diagnosis and treatment of respiratory diseases require a detailed knowledge of fetal airway anatomy and development \[[@B2]\].

In the literature, there are many studies concerning the structure of the larynx and its individual cartilages in adults \[[@B3]-[@B7]\], but fewer studies concern newborns, infants and children \[[@B8]-[@B11]\]. The smallest number of studies concerns the cartilages of the fetal larynx, and the few studies which are available have discrepancies \[[@B2],[@B9],[@B12]-[@B14]\]. The aim of this study was to determine the anatomical development of the thyroid and cricoid cartilages and their structural variability between the ages of 13 and 27 weeks of intrauterine life. The correlations between fetal crown-rump length, larynx length and the diameters of the examined laryngeal cartilages, as well as gender dimorphism in their structure, were checked.

Materials and methods
=====================

Legal and ethical considerations of the research presented herein were consistent with the rules of our institution and the study was approved by a local Ethics Committee. The material comprised 55 thyroid and cricoid cartilages, isolated from human fetal larynges of both sexes (32 male and 25 female larynges) preserved in 10% buffered formalin. The fetuses were collected in the department of General and Clinical Anatomy, Pomeranian Medical University in Szczecin, Poland. The gestational age of fetuses was calculated from crown-rump length (99-255 mm) according to Pineau, and was assessed as between 13 and 27 weeks of intrauterine life. The fetuses were free of malformative syndromes affecting the tracheal structures. Measurements were performed with a magnifying glass using a digital calliper accurate to 0.05 mm. To increase the accuracy of measurements, the points between which distances where measured where marked with pins. Each measurement was assessed three times. The following diameters of laryngeal cartilages were measured (Figure [1I](#F1){ref-type="fig"} and [1II](#F1){ref-type="fig"}): the total laryngeal length (distance between the superior margin of the epiglottis and the inferior margin of the cricoid cartilage), the height of the cricoid cartilage ring (A) and the lamina (B), measured on the midline, the frontal diameter of the inferior margin of the cricoid cartilage (lateral endoluminal diameter) (F), the sagittal diameter of the inferior margin of the cricoid cartilage (anteroposterior endoluminal diameter) (G), the maximal width (C) and height (D) of the right and left laminas of the thyroid cartilage, the median anterior thyroid height (distance between the superior and inferior thyroid incisures) (E), the distance between the base of the superior horns (width of thyroid cartilage) (H). Correlations between the obtained results and fetal C-R length, as well as sexual differences in subsequent weeks of intrauterine life were studied. All data were analyzed statistically using Statistica for Windows software. Measurement error was assessed. Values whose level was \< 0.05 were statistically significant.

![**I - Parameters of cricoid and thyroid cartilages measured in lateral projection: A - cricoid ring height, B - cricoid lamina height, C - thyroid alar width, D - thyroid alar height, and E - median anterior thyroid height; II - Parameters of cricoid and thyroid cartilages measured in transverse projection: F - lateral endoluminal cricoid diameter, G - anteroposterior endoluminal diameter, and H - width of thyroid cartilage**.](2047-783X-15-S2-41-1){#F1}

Results
=======

In the studied material we found properly developed thyroid and cricoid cartilages in all fetal larynges. The thyroid cartilage consisted of two symmetrical laminas which were devoid of superior and inferior thyroid tubercles and arcuate line, the angle between both laminae was obtuse and rounded independently of gender (due to technical reasons precise measurements of the angle were not performed), the formed superior and inferior horns of the laminae were observed, and their length correlated with the size of the lamina.

The mean height of the right and left lamina in female fetal larynges was identical, and in male larynges the difference was 0.2 mm - the right lamina was longer. In one case, we did not find the superior horn in the right lamina (larynx of a male foetus in the 20^th^week of intrauterine life). Inferior horns were very small and rounded. Superior horns slightly longer than inferior horns took different positions: most often they were slightly curved back, but we also observed horns curved medially or laterally, or straight horns. The inferior thyroid incisure could not be seen in younger fetal larynges (up to the 20^th^week of intrauterine life), and in fetuses above the 20^th^week it was slightly marked. The superior thyroid incisure was clearly apparent in all fetal larynges, but it was shallow and rounded compared to the adult larynx. Table [1](#T1){ref-type="table"} presents the mean diameters of the thyroid cartilage.

###### 

Measurements of the thyroid cartilage (R-right, L-left) in mm.

  (HBD) Fetal month   Length in midline   Length of lamina   Width of lamina   Distance between bases of the greater horn                                             
  ------------------- ------------------- ------------------ ----------------- -------------------------------------------- ----- ----- ----- ----- ----- ----- ----- -----
  13                  4.7                 4.8                5.8               5.7                                          5.5   5.6   3.1   3.1   2.9   2.8   6.3   6.4
  14                  4.7                 4.9                5.8               5.7                                          5.5   5.7   3.1   3.1   2.9   2.9   6.4   6.5
  15                  4.8                 4.9                6.0               6.1                                          5.9   5.9   3.2   3.2   3.0   3.0   6.5   6.5
  16                  4.9                 4.8                6.0               6.2                                          6.0   6.0   3.3   3.4   3.1   3.1   6.6   6.7
  17                  4.9                 5.0                6.1               6.2                                          6.1   6.0   3.4   3.4   3.2   3.2   6.7   6.8
  18                  5.0                 5.0                6.7               6.7                                          6.2   6.4   3.4   3.4   3.2   3.2   6.8   6.8
  19                  5.3                 5.4                6.8               6.8                                          6.5   6.6   3.5   3.5   3.3   3.3   6.9   6.9
  20                  5.4                 5.4                7.0               7.1                                          7.0   7.0   3.7   3.7   3.5   3.5   7.1   7.0
  21                  5.4                 5.6                7.1               7.2                                          7.0   7.1   3.7   3.7   3.5   3.5   7.3   7.4
  22                  5.6                 5.6                7.3               7.4                                          7.3   7.3   3.8   3.8   3.5   3.5   7.6   7.5
  23                  5.7                 5.7                7.2               7.3                                          7.1   7.1   3.7   3.7   3.5   3.5   7.6   7.5
  24                  5.8                 5.8                7.3               7.4                                          7.3   7.3   4.1   4.1   3.5   3.5   7.8   7.5
  25                  5.8                 5.9                7.3               7.4                                          7.3   7.3   4.2   4.3   3.5   3.5   7.8   7.6
  26                  5.9                 6.0                7.4               7.4                                          7.3   7.3   4.4   4.4   3.5   3.5   7.9   7.9
  27                  6.0                 6.0                7.5               7.6                                          7.4   7.4   4.5   4.5   3.6   3.6   8.0   7.7

The cricoid cartilage consisted of the ring and lamina. In all fetal larynges, regardless of sex, the ring had an elliptical shape and showed a significantly longer diameter in the frontal plane of about 0.6 mm compared to the sagittal diameter. The lamina had a smooth surface and rounded angles. Table [2](#T2){ref-type="table"} presents the mean diameters of the thyroid cartilage. Results show a strict linear correlation of the size of the examined cartilage elements to total larynx length, which correlates with fetal C-R length (Figure [2](#F2){ref-type="fig"}). We observed a significant difference in the width of the thyroid cartilage laminae between male and female fetal larynges. Both laminae, right and left, had a longer transversal diameter in males, regardless of age and crown-rump length. The difference was 0.4 mm on average. There was no significant difference in the length of the examined cartilage.

###### 

Measurements of the cricoid cartilage.

  Age (weeks)   Height of ring of cricoid cartilage   Height of lamina of cricoid cartilage   Frontal diameter of interior margin of cricoid cartilage   Sagittal diameter of interior margin of cricoid cartilage                     
  ------------- ------------------------------------- --------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------- ----- ----- ----- -----
  13            1.9                                   2.0                                     2.9                                                        3.0                                                         4.3   4.4   3.8   3.6
  14            2.0                                   2.1                                     3.0                                                        3.1                                                         4.4   4.5   3.8   3.7
  15            2.1                                   2.3                                     3.1                                                        3.3                                                         4.5   4.5   3.8   3.8
  16            2.3                                   2.3                                     3.3                                                        3.4                                                         4.7   4.7   4.0   3.9
  17            2.5                                   2.6                                     3.5                                                        3.6                                                         4.7   4.9   4.0   3.9
  18            2.7                                   2.7                                     3.6                                                        3.7                                                         4.9   4.8   4.0   4.0
  19            2.8                                   2.9                                     3.8                                                        3.9                                                         5.0   5.0   4.8   4.7
  20            2.9                                   3.0                                     3.9                                                        4.0                                                         5.3   5.1   4.9   4.8
  21            3.4                                   3.5                                     4.4                                                        4.5                                                         5.8   5.9   5.4   5.1
  22            3.9                                   3.6                                     4.9                                                        4.6                                                         6.1   6.1   5.9   5.2
  23            3.9                                   3.8                                     4.9                                                        4.9                                                         6.2   6.2   5.9   5.5
  24            4.1                                   4.2                                     5.1                                                        4.8                                                         6.6   6.2   6.1   6.1
  25            4.2                                   4.1                                     5.2                                                        5.1                                                         6.7   6.3   6.0   6.1
  26            4.2                                   4.2                                     5.3                                                        5.2                                                         6.8   6.4   6.1   6.1
  27            4.3                                   4.3                                     5.3                                                        5.2                                                         6.9   6.4   6.2   6.2

![**Relationship between the length of larynx and that of crown-rump**.](2047-783X-15-S2-41-2){#F2}

The thyroid foramen was observed in 30 thyroid cartilages, in 4 cases bilaterally and in the rest unilaterally. The presence or absence of the foramen in the thyroid cartilage did not show any relationship to fetal sex.

Discussion
==========

Nowadays, many leading children\'s hospitals are creating fetal care centers which are based on the pediatrics model of fetal care, in contrast to the obstetrics-based model that offers traditional care to pregnant women and fetuses \[[@B15]\]. This provides better perinatal health care.

Development of the fetus\' respiratory tract during pregnancy can be disturbed by many factors: smoking by the mother, intrauterine infections, genetic disorders and others. Early treatment of anatomical or functional respiratory abnormalities in early childhood or during intrauterine life prevents the occurrence of respiratory disorders later in life \[[@B1]\]. Technological advances in prenatal radiological examinations (USG, NMR) have improved the ability to diagnose congenital abnormalities during pregnancy. Some studies suggest that many airway emergencies can be avoided by prenatal initiation of airway management \[[@B16]\]. In cases of suspected severe airway obstruction, elective full caesarean delivery is suggested \[[@B17]\]. This significantly decreases maternal complications and allows for better airway access in the newborn. Utero-placental circulation and gas exchange maintains vital functions and provides time to perform procedures (laryngoscopy, tracheostomy, etc.) to secure the fetal airway \[[@B18],[@B19]\]. Detailed information about development (size, gender differences, etc) is needed for a correct assessment of diagnostic examinations and for the planning of otolaryngology or surgical treatment. Our research was in answer to this necessity.

We know that the thyroid and cricoid cartilages are among the biggest azygous laryngeal cartilages, and are fundamental elements of the chondroskeleton of the larynx, so they were closely examined in our study. They also play an important sustentacular role for soft tissues in the larynx and a protective role for the vocal apparatus and laryngeal segment of the respiratory system \[[@B4],[@B20],[@B21]\]. With sexual maturity, the structural variability of these cartilages influences features associated with gender, such as timber or the presence of laryngeal prominence \[[@B20],[@B22]\].

There are many reports in the literature about the larynx, its development, structure, sexual dimorphism and pathology \[[@B14],[@B23]-[@B26]\]. Few authors study individual laryngeal cartilages \[[@B3],[@B6],[@B9],[@B13],[@B20],[@B22],[@B27]\], and when they do, their studies often concern the process of cartilage ossification in adults \[[@B4],[@B6],[@B25]\]. Fetal laryngeal cartilages were studied by fayoux et al \[[@B2]\] and Jelisiejew and Szmurlo \[[@B4]\]. We agree with previous authors that fetal laryngeal cartilages are not a miniaturization of the cartilages of the adult \[[@B9]\] and also that their size correlates with larynx size which, in turn, exhibits a linear relationship with fetal C-R length \[[@B9],[@B12],[@B13]\]. However, there are different opinions concerning sexual dimorphism during intrauterine life. Jelisiejew and Szumilo \[[@B4]\], Lang et al \[[@B25]\], and Kahane \[[@B12]\] claim that before puberty there are no sexual differences in the structure of the larynx, whereas Winiarski et al \[[@B28]\] find sexual differences already in the fetal period. These differences are reflected in the bigger diameters of some laryngeal elements. Winiarski et al \[[@B28]\] state that sexual dimorphism appears in the fetal period, but this is not strongly expressed and concerns only a few laryngeal diameters and a few periods in intrauterine life - it is present in the 5^th^and 6^th^month of intrauterine life, but disappears between the 7^th^month and birth. These differences are probably the result of techniques of examination which were not homogeneous, and different materials and methods of fixation and storage. There is no unequivocal evidence for the presence of gender differences in the structure of individual laryngeal cartilages \[[@B9]\]. Fayoux et al \[[@B2]\] were the first to report of sexual dimorphism regarding the thyroid cartilage. Our previous studies showed a linear relationship between laryngeal cartilage size and fetal length and their regular growth regardless of sex \[[@B20]\]. In the present study we observed a significantly bigger width of both thyroid cartilage laminae in males in all age groups. This confirmed the existence of sexual dimorphism in the structure of the fetal larynx. If we consider the fact that the width of the laminae and their inclination to the front produces the laryngeal prominence which is an unequivocal sexual feature in the adult male, we can then suggest that some features of sexual dimorphism are already present between the 13^th^and 27^th^week of the fetal period.

In conclusion, in both genders the thyroid and cricoid laryngeal cartilages show regular symmetrical growth proportional to individual growth. The size of the laryngeal cartilages is directly proportional to fetal crown-rump length, regardless of sex. The thyroid cartilage presents a sexual dimorphism. The results of this study can be used in the analysis of prenatal examinations and in planning the treatment of airway emergencies.
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